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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric 
material film wherein crystal grains having a large 
diameter are obtained, and Insulating property end 
piezoelectric characteristic of the film are Improved by 
preventing gaps on grain boundaries, and provide a 
piezoelectric material element using the film. 

SOLUTION: In a piezoelectric nrateHai film constituted 
of polycryBtalllne substance, at least two peeks exist 
In grain diameter distrtbutlon, the grain diameter of 
crystal grain of large grain diameter side out of the 
two peaks is at least 1000 nm. and the peak of the small 
grain diameter side is at least 10 nm and at most 500 
nm. It Is desirable that the crystal grain is columnar 
crystal. Electric resistance in the film thickness 
direction Is at least 1 .0 Mn- In a manufacturing method, 
a process wherein a piezoelectric material precursor 
film is formed on a substrate and crystallized Is 
repeated plural times. The film thickness per process 
whan the precursor film is formed Is set as a thickness 
(at most 100 nm In the case of crystallization) which 



does not cover the whole substrate surface 
crystalllzatlan. 
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<D tf—<? (D r> *,^iBtSffl<»^aS<OiKS*< 1 O O O n m 
nmlJlJtS O O nmlilT-efc*C<!:$!^«fr-5BEBt*: 

SPm;®^ ^ Hx-fc w ,»: * !^Sti:-r ^EEat*:*^, 
>^7i?i-v haiBfii'v.v KI3*S(.^T, 

y ii-r c 1 1= * -Sff m<*]ig«>si!Jt^a-c » o 

1 O O nmiaTi:'5:^.J:3lc-r-5Ci:$#Sti:-r'5ffm 
IEmt*:BiIIEl*^<0f^ij£a#<DBJIBXg1 Isl&fcycDK® 

^Silp|a)x@i=j:y#e>tiSi@£^b%a>JS«A<2 

O n miaT i: * J: 5 l=-r -5 C i: t r -5 ESftlB 



«triasi!i«i=«iriBJi B{*^^ *}Ki5£-r * xg i: . 
i?riss«*x.y^>yLii*s*j^fiR-r4xst. *fii 

^fc'f >^?i?x-v hSIH®'^':/ K<D$!ljfi^a. 
[0001] 

[O O O 2] 

m^<Dmmi -o^-ijx-v kscibs'^'v Kro.fc^'ST 
i'f^ix— Sit LTfflt^f»*T.siE«{*«^-(*, m^mm 

y s BE«(*S(*i!SS1b LfcBEWtt-t 7 5 <7 X(c J: y 

p:?;^*'f hMiKS«j£^*L, -(b^iCABOa-cs^-r 
ci:a)T?#«IS^^<b!|«5A<»lt>*i.-Ct^<5. 0iJjl«Alz(* 
IB (Pb) , B(cv;u=i-'t7A (Z r) (T 
i) a>;1#*jSfflLf=5^^:>Ki^-'Ua>Kie (PZT) 

[0 0 0 3] COSSft:^'?- $4«fiK-r.&l£fit4:ISl^. J: 

*L<. SSS©©^^'S:IItt{*MS»*fcA<OX^A<a 

[0 0 0 4] 

ofc. 

[O 0 0 5] tC^T'. i^gl^l 1 -2683 3^lZ 
[0 0 0 6] ^ZX. 3tcf||BI*, BEmf**^+Wli«t*: 

* iR]± * -t+fcEmttiisa c *i L^fc JE® 1*^^ 
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[0 0 0 7] 

we— i7^'>'EC< it 20*L, Htrl22 0<Df— ><0 5 
*)^aSH<DlSSS(0«tgA< 1 O O O n mJU±-e*« C 

[0 0 0 8] |trl22 0<De— i7 05 3*.'hag<l]<;)S!S^a 
<Dtlg(*1 O nmJslJiS O O n C i: *<M^ 

[0 0 0 9] $fc. *!Ba<*-e«ja**t. u&i^^<f>t; 
[0 0 10] 2^fe^(-<fc-siE«(**Ti*, ±iB<;)ffa<* 

[O O 1 1 ] *fEB^(7)-f i/'j; -V hSiSMi'^-V K(*. 

®»cl6ltt>4xf=fii!l«i. mi2Si!l«(7)IirlElE*MI=*r 
[00-12] ;$:fE^(0]EEmft:M<D£iiig^£l4. SIE±(C 

ji * i: -r -5 c i: i: -r 

[0 0 1 3] iJri5iimi*migi*i«<7)fl^jigB#(Dttri5xgi 

-(bSiroiKJ***! 0 0nmJJlTt«i:«.«k7(c-rS;ii:*<a 

[0 0 14] ^fc. t5fB^ai51<7)Xg(D5*.2l5]SJaK 
(OXglc fc 1+ -5ffilBI±mtt:t5IEi*:Ka>JKJi£B#<DB?rlBxe 
llslfe/tycOISJll^, [i](DXeicJ:yf#&;h.-&l^ 
Sft ^©ffij?** 2 O n mfclT i: -5 J: 5 l=f « i: A<M 

[0 0 15] *sgiB(DE«<*m^a)S!jt:^ai4. S45± 
l:T«B«®*}^BE-r-5xat, mtSTSPmS-tlcfJIElE 

[0 0 16] ^fc, ;*:^IBa)-f i/-5> v?i'V hSIB^'^'y 

Kosjg^^i*, s«(o-ffii=«iii«*j^fiE-r«xg 

fJI5ffiillffi(cMlBJi®fli:*T$}KfiE-r.5Xgi:. M 
[0 0 1 7] 
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[0 0 18] (-f >^i;x> h^'Ji/^(D±{*«fiE) gl 

m@-efe.5o ;i<Drf'j>^iici4, *i*2ic, hu-o, 

«^aiP4j3j:t;Mlf^/ti$'>9j!l<Si(tf>*irt^5. 
*(*2(0rtSPI=l4. -f i/<7i;x.:; hiClBS'N.:; Ki , 
$&tSfll6, $flffll|plS8A<{ix.f,tLTl^.5o 
[O O 1 9] -< ><7i?x-v Ki£i2gt'N-y Kl 14, :^^m 

^rvx-:; hiCffiS'^-v Kl 14, ®WIh11»8 
[0 0 2 0] *{*2i4, :^«J v^KDffitt-efcor, ffiitt 

5 * h U-f 3 A^ t.tt$&pIte'E?iaSICtt$&1i« 6 ^ iES 
L, fflilt5lcEn?:pr*E^f<fc3l--<>^vx-v hSIS^'^ 
•V Kl ^EfiLTt^^o h U-f 314, Bl^mcOffliffiS^ 

[002 1] #tSf&li«6l4, ^— ^ 6 O O, P— ^6 O 

5. "^-^6 0 014, $iJ(9i|l%8;!>x&^i»g$4xi>SE9l)^ 

$1 6 O Ofl)[HlS:tl^P— ^ 6 O 1 • 6 0 2 (ceapIteJz 
1SiiE**trt^.5. P — ^6 O 1 fcj:i;6 0 214, 

6 O 0©Il«e*A<ea**i.«i:llHE-r5J:5l=«EoTt> 

i^, 'N .y K 1 I- J: o T B]«iJ nr«6l=tti|&-r 5 * a IC'S: o "C 

[0 0 2 2] $!|{9li|%8l4, @^L^l^CPU, RO 
M, RAM, -O^— ^x— XlelSS'JCif^filTL, lil^L 

y, etam-^^-f ^^^sJx"^ hscES'N.:; Ki (=«ieL 
fcyr-#5<>:ai-'St-oro5o ^fc, $)jffli(5]K8(4Siff 
/«=^;^9A^t,fl>^lf^«#lc^^^E;*1^■r^Sf^^- K<DiS 

[0023] (-f^-^^vx-^ hiCI5Mt'*^-V K<D«J5E) la 
2 14, *llffi)^S§<DlEmi*^^^«ix.fc-<>'>'Px-v h 

|Hgl/s»; Kl 14, gll=*-rj:5(=, yX;U«1 O, BE* 
^«ffi2 ofcJ:i;gi!i«3 o$tijir«fig*tirt^.5, 
KI4, KfKOexi/ifx-v KS'^-y 

K^lg/SLTL^^o 

[0 0 2 4] m*ss«2oi4, ^ip^i'ex.-f (i±*iM) 

2 1, {M^ (R5S) 2 2, yif— /•^2 3fcJ:U:tt$&P2 

4$<i^t:L'»i), ^vf^^-f 2 1 14, vy =i>ii(»sffi 

^ I ^ > y -r 5 C iz <fe y J5E $ 'T > ^ t* $ 
ffl■r«fc^ftl=l?jK•r5Sra^:^i:oTL^«, fl!lB2 214^ 

-^t'^H- 2 1 FBi^tt«5*5}KJ5e$*irL^*„ yif— 

2 314, -<>^iPimLX^^^\Z7-'( 2Mz%tz^tz 
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•5, ncfc^-vf^-f 2 1 >5:i:'<7)Jg«(*-r>-?vi-v 

«)*-f-if— (Kyser) JgTJfcoTt RtSJ^Oy^U* > (Z 
oltan) ^|g■^^,J:L^. ^fz^-'ir \£-T ■< tl^l Mmmizm^ 
*^^Tt^T4,2S^K^C^fiE$^^TL^Tt J:L>o 
[0 0 2 5] yXvuffii Oli. E*MS«2 0(cl6l+e) 
*l,fc4r-Vf^-f 2 1 <7)=fr'!?(=*fJS-r«{ami=^(»y 

AMa«2pii. * t.lrS(*2 5(c«AAt>+iT, -O^ 
[0026] JiiStS 3 O (illiiSS* 2 o <D^te:^CD® fc 

Bi5y^t3-y-t>^rLNi)„ Siite 3 o (c'liiiffiff^T (gl 

$'>^7|c|?ja5F*i-CL>-5'r>^7*JE*MS^2 Ortaiir 
[0 0 2 7] (»^3t) @3IC. ;*:|ll£JK«8a)^^lcJ: 

mizTTi-t^oi-. mm^Rsoit, m^m^aMsi: 
t;T«smffi3 2*ifiieLr«fig*ih,. mm^m^Aoit 

HXXl^^o 1^lZZ<0-( hS15^^-V Kl I*, 

JE«t*:^^-4 0, t•7^^' 2 1 fccfcUIy 1 A< 

fe'&o 0!l^(£4OOd p i (dot per inch) l=^'&<|:3 
[0 0 2 8] ite^SIS 1 (*, 3i«ttT'JEPLxtt«SJ, m^it 

•>>j^>&m^mmt^Lxmss.^Jixtz-mitmm (s 

i O2) (=<fey«)iE$n. IE«t*:S<D^}^(cJ:y^}^ 

[0029] $g^M3 1 ±(ciiTgBaffi3 2 ^J^fiKf-S 
. A*. S6JSM3 1 tTSP«S3 2 ^WFeKz. 2 O n mgg 

[00 3 0] TgBSfil3 2l*. lES<*gl-SlE^EnAa-r 

*fcAa)-:^<DB^-ei&y, »ffitt^*-r^«i4. 

li, 3^ (Pt) ^Efifl:IJ:y«fi^**l,rt^-5. >5:fc\ T 

•r-s*a-i?fe.i)-f y v':?^ ( I r) tr^fiEur^fit^ 

Tg6«fii3 2(*. II*MSfi2 0±(=J^fiE$4TS«5EiE<D 



[0 03 1] ±&m®A2it. Kmit^mizmz^mna-t 
liMJio. 1 x/m(Da^ (p t ) -e^fie^^vrL^-So 

[0 0 3 2] II.«tt:»ISJf 4 1 tt, *|g?Ba)8IIJt^aT? 
5 v^X(DiKS-Cfcy. gi!l«3 0±l=m^<©)^«t?}^ 
[0 0 3 3] lISI*jSISP4 1 offljSI*, 

-•t7Aig^4«>it» (Pb (Zr o.5 6^ T 
i 0.44) O3 : PZT) Sfa)IEmtt-tr=5 5 'V^X* 
fflt><5, -tote. ^^i>KIS^>4'> ( (Pb, La) 
T i O3) , e?;U=l-'t7AKt&^>^> ( (Pb, . L 
a) Zr03) *fcl4-7</':}!.i/'t7A-:^:?|fti?;HJ^'t» 
AK^^>KS» (Pb(Mg. Nb) (Zr.Ti)O 
3 : PMN-PZT) , V^U^-OAK^^i >K/<y -t? 
A(Ba(Zr.Ti)03:BZT) ^Ct*-T?=feJ:t^ 

[00 3 4] c:a)attt*:»KJi4 1 1*. 
*it,2 0(ce— j7a>-5*):*:«agtJa5^^^a<o^aSi*i o 

0 0 nmJSl±©S»>5:teai±**UrL^-5<DT?, fijf* 

^7tt, 1 O nmJ£l±5 O 0 nmJ«lT-Cl5*wtA<M*L 
l\ $ t)(cr* 1 5 O n mjy.±A<J: y L < . 2 O O n. 
mfelT*<J:y»*L.L>, 
[O O 3 5] C©SISE}^J|-ei*iei#a)FBl^A<^ L < gjgj 

**trL^«a)T?, i(6i|gtti=SH, ms«tiii*i. omQ 

[0 0 3 6] ^fc, ±IB2 0<Dlf-^7«)5*.'>'Jj< it, 

[0037] (WSMMff) JtE'f KSffiSk'N 
Kl C01gJSI=fcL^T, 0]9Jifift^UiBJ-r-5. WIhIIS 
8*MbllSi«-^*<aJ:>3*tL^i:, ttif&««6A<i!if^Lffl 

1M(JPIlli»8A^&ia:tBfi^A<««S*ih.rff1i<**^-4 
oa)TS8®M3 2 i:Ji$pmiS4 2 troFBllzBHA^HlSP* 
^^rt^^i:l^ii■&. l±S{*jilMS4 1 (cii^j^^^C'S 

a:al«#A<«$&^4^Tt^^^t^E«t^:m^4 OA<iS(+ 

[0 0 3 8] ^^J^al|Hlss8A^t,l^tai«■^A<^i^&**^ 

IEat*:^T4 0'<DTSfimffi3 2 t±g?mffi4 2 taJFaKc 

±i:^„ ilttilft-^A<«S|&$^fclEm<*«^=^4 0A<l5l+e, 
+i.rt>-5^-v exH- 2 1 ■CI*-€-(Dfii!l463 OA<:fc# < fc 



(5) 




■eH]8ii*i±fci.^(aa<»0tmt*:^Ti-ttaifi^*<i»j(-tt 
[0 0 3 9] (Sjt:^^) ^«>llifiJ^®'=«J:*iS 

[0 0 4 0] i^St®}^fi£Xg (SI) 

mmmwfmi.m\t. =i >s«2 oiz^«iK3 1 

(jE-T'Sxa-efeS, i/'j3>Sffi2 0«>Jl^tt. ©JSO) 

?a $ A<i9; < y tfJEt <fc 5 1=« m^it2oou msa 

»*L<(*J1* 5 nm~4 O nm. L, < I* 

2 O n mgje<75^5« >ISXI*Kib^^ >K : 0 

3 1 i:Tfflimffi3 2 i:<Dffi5&tt*lBl-t*-e-*o 
[004 1] TSS«®}^/SXS (S2) 

COTSPffi^Jf^fiKxai*, ^^ffiS 1 XI*S«B«>-tl- 

TSP«ffi3 2$}^fi£-r-5xsT?fc^o Tssma3 2i*. 

^j7llSS*Ji*2 O O nm<»J?^-CaS-r*o dtl&O 

[0 0 4 2] MIC, Senile, (T i) <Dae 

$»*L<I*3 nm~2 5 nm, Ml=»* L < I* 5 n m 

[0 0 4 3] IE«t*:BiriK<*Mm 1 (S3) 
^(3, TS»m«l 3 2 ±lclEStt:I5iK(*Mro^ 1 S 4 1 

l=KS**l-5*5l+"ei*«:<, MOD (MetaH)rganic De 
composition) m^<Df^mm^mXtb^li^l\ 
[0 0 4 4] \rjl. ■ *f)\^^tlt. ^MT^U^^rV K^«> 

•^tigiS iVM ^^^Ls n»^-^h (S3) , 
c>*i.-5^S*m^ia)i:Lri*, St«M^b«S^«fiE-r* 
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[0 0 4 5] ;^:|iI£^KSIlcfcl^■C(*, PZT|g<Daif6Jl 
mt Lr. Pb (CH3COO) 2-3H2 0, Zr 
(t-OCH4H9) 4. Ti (i-OC3H7) 4® 

[0 0 4 6] C<DjS-&»jSS, «glHb«l=S«^®*« 

aLJSt^js^tt, m&it^(omf^i)<^ oo 

S$o. 3M (^;u/'J h;u) t L, ^^mi**3 0 

Onmt-r-5. ^^»iLfcS|ig-l?(*, P Z T *«JiE-r 

[0047] '^flj^. -SaSt— SKPB^$£JS*-t*. 

0°CBi±2 0 0°ceiT(=tJS-r-5. »$L<I*, 180 

ic-f'S, W^L<lii o^liJSI£JS$l*«). 
[0048] $P,|c:*;m#HmTI=il3l.^•C-S 

(DBi)ii;affiT?-sKra)!Kii§-r«. Bifliiafil*. 3001c 
jasx-i*i!sa^bA<i6*-3r L*tv c(©©hj: y 
3 6 o°c~4 o o'cfm&i-WL&tho mfs^mmit. 

+^^•lcffii88$tL^Et^A^c>-efc-5. »*i><i*i o^j-sjt 

MA^t,«ltLM^b^6iJ5lS*±i:. :*;m*lcm«-r^o 
JU-h«>ilfli • • BiflgCDX^lcJ: y, IEK*b5IB<*K 
©SEI Jg4 1 1 ' A<J^fi£3?*v*o 

[00 4 9] ^gal^bXS (S4) 

±iB<DXfi(c J: oT#?>*ifclEmtt:«trffit*;S«)B 1 ^ 4 

jUKro^i ^4 1 1 !K!eiaaEi**ts^i=J:y 

Jln!!ft*^T•5. -twiSiO^iau— hi*, S^i-i ooo°cm 

[O O 5 O] CiroJSS'fblCj; y, a«{*^K<DmiM4 

1 1 t<i&ss.^*ii>o i±m<*jtM<»m 1 s 4 1 1 1*, mm. 

^-iKS^roaSttO. 5 /t/mSS«)A''^ty*#t^t,a)A< 

[005 1] E.mwmm<j)mm (ss-s?) 

1 m<Dm^. ssjs, BiBB, eft<b-e»&ti«ffiiJ? 

$2 O nmJilTi: LT, ±IS(©'^*»i, ^Jt, ffitflg, ^ft 
^b^:L^5xa^, CijTLIiSHl^yjS-r. ■T'St^*., Em 
tt:|1l!Ei*JS©m 2 H 4 1 2' (S5) . ±?Et 
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mmiz^^ittsi±^ (S6) , zH^smm^j&Ltzm 

EE1i{|:@4 1 ±f4:a)ie@»2 0 0nm^^^. 
[0 0 5 2] C<75J:aicLrJ&)5E^*t^Emt*ffi4 1 

T?, figl*1 O O O nmia±l=fiES-r-5o ^1 @4 1 1 
a>)^e£^fZ}^^$tifcilSS)K&1(D^Bil^. m2€4 1 2 

J:oTS«)«b^^-5 (S7). -tOSlStt 1 O n m*^6 5 

[0 0 5 3] ±ummm^^m (@5 : ss) 

JJl±l-J:yj^fiE3F4tfcEBi*3iM4 1 ±(z±SP«S4 2 

^mis.-t^o m^mzit. ±umm4 2tLx&^ (p 

t) ^1 O O nm<DKJ?l-DCX/<-v^«i£-C^M-rii. 
[0 0 5 4] E.mt^m=f-<Dmm (S9) 

T±siJaffi4 2, iEai*jiiiS4i *-f;i->s'j>^/'ti-e 

x-v^l/^f-r^, Ja-ha)X^(cj:y, 
-C? ^ l±«T ^ i X — Si A<}KlS ^ ;ti -5 , 

[0 0 5 5] -fV-i^i^i y hSIB^'N-v KOJKja (SI 
0» S11) 

M(=. •1'>'i7SS«2 0(c-r>^7M2 1 ^JKJiKL. 

AS to *tfcse $ $ T- > <7 s»« 2 o ^ X > ;f 
L, ^>^7^2 1 ^jgfiK-rSo x'v5^>y**i-ri=ao 

f=«V^(;i:fliJS2 2^«:.&. 

[0 0 5 6] M^iz. «sg*^fflt^Ty O^-f 

i/i7MStR2 oicffi^-r^o y x;H£i o^'r>^7^s 
4E2 oicft^-rSfSfcJ*. yX;n ^f)U>9m2^<D 

[0 0 5 7] (iijs«ij) ±iRn&y3m<Dmmmt ur, 

-:?;U=l>K5=^^ (Pbx (ZryTli-y)O 

■ [0 0 5 8] 061*. ±iailS£J^SS(Cj:^iijg:^^lzj3 
t^rEmi*IBI©mi 114 1 1 *J5E]BLf=t#a)SaiSE 

sijm«i3 2A<a®irsmLrt^^o i±«t*:KmiS4i 

[0 0 5 9] El 7 I*. Jit5IIJSfl^81(Ccfc-5>S3g:^/*(~J: 
■oTfij£$*ifcJEai*M4 1 oass EM:?X33<fcl/:^- 



O O O nmA^& 2 0 0 0 n ma)$ilBI=&<& 
^^SSfi:. 1 5 O nmA^f> 5 O 0 n m<D©ffll-fe-5'h 

[0 0 6 0] C(Dlll&0iJ(=J:-&Em(*:SO)]mJl^lR)<Oiie 

Ui^^m&Lfztz^: 1. 0M^^Ja±a)lSL^s^^itt^ 

[0 06 1] Ml=, M(D^iEmxg(CtSL^ 

[0 0 6 2] iit^m) malt. :$^mmizmr^itmm 

(:iJ:-5^^-l?J$ffi*+lfcPZTHO¥®S EM^SAO^ 
^(DmM^X^^, Ca)PZTffi<DliSI*6 0 nmA^& 
2 3 O nm(7)PBllza5>y. Jt«^fi<J'h$ t^c Ellc^$;h.^<fe 
5(-, c<7>PZTe«>lBSti<0JKS(=l±, eBt>A^'aS® 
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